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To favor the extension of ape A-I and ape B assays from research or specialized centers to routine clinical laboratories,
we developed an immunoturbidimetric method that is simple to use, yet reliable. Based on the formation of immunocomplexes in the presence of Polyethylene Glycol 6000, it overcomes many of the technical drawbacks shown by other methods, such as long incubation times and the need for special equipment and skilled personnel. Like other methods we have described (4, 5) , this assay also is particularly suited to routine work: the test time is short (10-20 mm for manual assays and 5 mm for fully automated assays); no sample blank is needed, even for grossly lipemic samples; the measurement range is broad (from -0.2 to 3.5 g/L for both apelipeproteins); and automation is easy. Here we describe characteristics and performances of this method.
Materials and Methods

Immunoturbidimetnc Method
Reagents. The following reagents are available as kits (Sera-Pak#{174} Immuno) from Bayer Diagnostici SpA, Milan, Italy. 2) Diluent: Tris buffer (0.01 mol/L, pH 8.0) containing, per liter, 9 g of sodium chloride, 1 g of bovine serum albumin, 22 g of surfactants (Adekatol SO-105, 10 g, and Adekatol SO-160, 12 g; Asahi Denka Kogyo Co., Tokyo, Japan), and 1 g of sodium azide.
3) Calibrator: Pooled human serum (with 1 g of In all the assays, samples were prediluted 21-fold in the diluent (with no predilution for the working calibrators), the readings were made at 340 nm, and calculation was carried out by the four-parameter logistic model or the third-order polynomial function.
No sample blank is required, even for strongly lipemic samples. However, such samples should be incubated for 5-10 mm after the 21-fold dilution and before the assay; this pretreatment makes the sample clear. In brief, the assay conditions for the semi-automated procedures were as follows:
Optimate: mix 10 pL of diluted sample for apo A-I or 25 pL for ape B with 500 ML of the respective antibody reagent; read absorbance after 10 mm at 25 #{176}C vs the reagent blank (diluent instead of the sample).
Olli Instruments Inc., Brea, CA); and a radial immunodiffusion method (NOR-Partigen#{174} Apolipoproteins A-I and B Monoclonal, plates from Behringwerke AG). The assays were performed according to the manufacturers' instructions.
Blood Lipids and Lipoprotein Cholesterol
We assayed total cholesterol and triglycerides by enzymatic methods (Sera-Pak Cholesterol Fast Color and Sera-Pak Triglycerides Fast Color kits, both from Bayer Diagnostici SpA). HDL-cholesterol was first separated by the phosphotungstic acid-Mg precipitation technique and then assayed enzymatically. To calculate LDL-cholesterol, we used the formula of Friedewald et al. (7) .
Results
Optimization of reagents.
Because many specimens submitted for apolipoprotein assays are lipemic, even lactescent, we studied a reagent formulation able to remove the intrinsic turbidity without interfering with the imniunochemical reaction, thus obviating the need for special chemical pretreatment, long incubation times, and measurement of sample blanks. This was achieved by preparing a diluent of unique composition; it contains, among other things, two noniomc surfactants derived by ethoxylation of linear secondary alcohols (Adekatol SO Series), at a final concentration of 22
The clarification capacity was demonstrated on lipemic and lactescent sera diluted 21-fold in this diluent and incubated at 37 #{176}C. Figure 1 shows the clarification course. Clear solutions were seen after about 5 mm for lipemic sera and after about 10 mm for grossly lipemic sera.
The effectiveness of this diluent was also confirmed in two other studies. In the first, three pools of clear human sera were enhanced with triglyceride, 10 g/L (Intralipid#{174} 10%; KabiVitruni AB Stockholm, Sweden), and assayed before (no pre-incubation) and after this addition (10-mm pre-incubation at 37 #{176}C); results of the latter assay averaged 100.9% of the former assay results Although the complexes are stable, the reading should be preferably carried out within 20 min from the start of the immunoreaction. Temperature in the range 20-37 #{176}C does not remarkably affect the reaction. Good repeatability of the calibration curves was found for both apelipoproteins on the different analyzers; CVs for ape A-I and ape B, respectively, were 1.1-5.0% and 1.7-4.5% with the Optimate (40 curves over a 20-day period), 4.3-9.6% and 2.9-7.4% with the 0111 CD (eight curves over a 20-day period), and 2.6-11.3% and 2.2-8.4% with the IL Monarch 2000 (16 curves over a 20-day  period) .
Linearity and dilution test. To check whether the reagent formulation would affect imniunoreactivity, we carried out a linearity study with purified (>98%) human ape A-I and ape B (International Enzyme Inc., Fallbrook, CA), the calibrator of the present method, and two pools of human sera. All these samples were diluted with the diluent to provide decreasing concentrations of apelipeproteins; we generated the original calibration curves with the purified apolipoproteins, and used linear regression to establish correlation and linearity. Figure 4 shows good parallelism and linearity of the curves, indicating the similar behavior for purified and "native" (serum) apolipoproteins. A dilution test was also carried out by analyzing for both ape A-I and ape B three different human sera at various dilutions and deriving the results from calibration curves generated with the calibrator of the present method ( Table 1) Precision. We assessed the present method for preci- We tested about 200 frozen sera (one freeze-thaw cycle only) covering wide concentration ranges for ape A-I and ape B by the present method, the Eiken immunoturbidimetric kit, and the Behring BNA rate nephelometry method. We also assayed about 90 sera (fresh, refrigerated, and frozen) by the present method and by the Beckman APS rate nephelometry method. Finally, we tested 50 frozen sera by the present method and by the Bebring radial immunodiffusion method. Data were processed by least-squares regression analysis, and the statistical parameters are shown in Table 3 . In accord with other authors (8) (9) (10) 
Interferences.
We explored the effect on ape A-I and ape B results of adding common anticoagulants in increasing quantities to pooled normal human sera. 
Storage of samples.
As recommended for each proposed method (9), we evaluated the valid period of storage for ape A-I and ape B for assay by the present method. After the initial assay, aliquots of about 30 different sera were stored refrigerated at 5#{176}C for one week and at room temperature (20-25#{176}C) for 12 h; moreover, the samples prediluted 21-fold were stored for 6 h at room temperature and then re-assayed. Close agreement between apelipeprotein concentrations before (y) and after (x) storage was found for both ape A-I and ape B. For example, the regression parameters for ape A-I, for refrigerated samples, were y = 1.046x -0.022 g/L (n = 30, r = 0.997); for samples at room Long-term stability studies were also carried out on two pools of human sera stored at -20 #{176}C; no significant change in ape A-I and ape B concentrations was found after at least three months. The repeated freezing and thawing process randomly caused notable variations in apelipeprotein concentration; therefore, samples frozen must be thawed only once before analysis.
Reference intervals.
The reference intervals for the two apolipoproteins were calculated after assaying by the present method 135 normolipemic EDTA-plasma samples (total cholesterol <6.21 mmol/L and LDL-cholesterol <4.14 mmol/L). Gaussian distribution was as- 
DiscussIon
Increased clinical interest in assessing concentrations of plasma apolipoproteins calls for methods that will be suitable for most clinical laboratories. To ftilly exploit their diagnostic potential, assays of apolipoproteins should also be convenient for a wide application in the routine laboratory. Many immunological techniques have been used for quantifying apolipoproteins.
Radioimmunoassay and enzyme-linked immunosorbent assay are specific, but too sensitive, time-consuming, and not automated.
Electroimmunoassay is confined to specialized centers; radial immunodiffusion is a simple method particularly suited to small laboratories but requires long incubation times. Immunonephelometry and immunoturbidimetry are greatly appreciated in routine work because they are more suited to automation; moreover, whereas the former technique still appears to be affected by lipemia, the latter is reliable with any type of sample. Immunoturbidimetry is also attractive because it requires neither dedicated instrumentation nor skilled personnel; rather, it is easily adapted to plain spectrophotometers and automated analyzers.
We developed an immunoturbidimetric method that proved to be simple, rapid, and easy to use for measuring ape A-I and ape B. Being easily adaptable to many instruments, it is suitable for analyzing small and large batches of specimens. Many reports (12, 13) have dealt with the need to pretreat samples to maximize the exposure of antigenic sites (ape A-I) or to minimize artifacts in the presence of high concentrations of triglycerides (ape B). The particular formulation of our reagents allows a complete immunoreactivity with no significant influence by hypertriglyceridemia. Sample pretreatment is therefore usually not required; for grossly lipemic specimens, a short pre-incubation (5-10 mm at 37 #{176}C) with a diluent containing detergents that allow maximum exposure of epitopes without any negative influence on their reactivity is enough for clarification. The method is precise and free of interferences.
The correlation studies showed for ape A-I close agreement and negligible biases with commercially available nephelometry and turbidimetry methods; with the radial immunodiffusion method, a moderate bias was observed. For ape B, correlation coefficients were still excellent but biases were always important. Discrepancies among methods are not unusual in apelipeprotemn assays and may be method-dependent or related to different reactivities of calibration materials. Serum pools in lyophilized form are valid as calibrators for ape A-I measurements but are not suitable for ape B measurements because of matrix effects among methods (14, 15) . We found that our biases between methods were mostly due to the different calibrators used by the various manufacturers, confirming once again the need for a common reference material, especially for ape B assays (9) .
Substantial reduction in intermethod and interlaboratory variations-essential before researchers can define common reference intervals and cutoff points for clinical use-will be achieved only when a common and internationally recognized reference material is made available. This is expected when the ongoing International Federation of Clinical Chemistry apelipoprotein standardization program is completed.
In conclusion, the method at issue, besides being reliable, is convenient and suitable for use in all routine clinical laboratories, thus fulfilling the typical requirements for measuring biochemical markers in the general population.
The valuable contribution of Dr. A. Fumagalli (Bayer Diagnostici SpA) in statistical analysis has been appreciated.
